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Abstract

Physical activity is beneficial for children with positive outcomes for mental and
physical well-being. Allergic conditions unique to the sporting arena may serve as
an impediment to participation in physical activity for allergic children. A common
example is exercise-induced asthma; less common activity-related allergic conditions
include food-dependent exercise-induced anaphylaxis, exercise-induced anaphylaxis,
and exercise-induced urticaria. Allergic children may also be at risk of allergic reac-
tions when exposed to allergens that are more commonly found in the sports envi-
ronment, e.g., latex, sports drinks, and medications such as NSAIDs. Recent
advances in our understanding of the patho-physiological and immunologic mecha-
nisms that may account for these conditions have facilitated more effective and safer
management strategies. There are also important immunologic lessons to be learnt
with respect to specific physical factors that may result in diminished allergen toler-
ance; indeed, these lessons may facilitate safer allergen desensitisation regimens. The
role of the immune system in exercise-induced immunoallergic syndromes, clinical
aspects, and diagnostic and therapeutic approaches are discussed in this review.

Physical activity is fundamental for children, for their growth
and long-term development (1). It has been shown to induce
positive physiological and psychological effects, an improve-
ment of cardiovascular, respiratory, and muscular systems.
Furthermore, children undertaking physical training fre-
quently modify their diet, with a reduced risk of overweight
and obesity; in so doing, physical inactivity is considered to
be an independent risk factor for various chronic diseases of
adulthood (2).Through the psycho—neuro-immune network,
physical activity can influence nervous, endocrine, and
immune systems and this may result in a Th-2 polarization
with a worsening of allergic symptoms or exercise-related
allergic syndromes for some of the over 25% of amateur and
professional athletes affected by allergic diseases (3); in con-
trast, regular physical activity may induce beneficial immune
system changes with a reduction in pro-inflammatory cyto-
kines and a switch toward a Th-1 profile, thereby reducing
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the allergic inflammation. Such changes will depend on the
intensity, duration, and type of the exercise itself (4). It is
reassuring that many allergic athletes successfully compete at
the highest levels; it, therefore, remains the goal of the allergist
to facilitate optimal performance through correct diagnosis
and management of sports-related allergic conditions.

Exercise, immune system, and inflammation

Both innate and acquired immunity are influenced by exer-
cise, and increased or reduced susceptibility to infections, in
particular to upper respiratory tract infections (URTI), may
be a result of these modifications. Studies performed to date
in the field of ‘exercise immunology’ are subject to many
variables; these include ‘acute’ vs. ‘prolonged’ exercise,
different sports, variable ages, recreational vs. professional
athletes, and different immunologic methods.
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‘Acute’ exercise and immune changes

‘Acute’ exercise (i.e., a short bout of intense physical activity)
is associated with changes in mononuclear blood cells
(MBC): a neutrophilia is rapidly noted, which continues to
increase after exercise; their oxidative burst and degranula-
tion in response to bacterial stimulation are however reduced,
an effect which can last for several hours (5, 6). Monocytosis
occurs during acute exercise, probably representing a shift
from the marginated to the circulating monocytes pool (7).
Macrophage antigen-presenting ability is reduced after
exhaustive acute exercise (8).

Natural killer (NK) cells, the most responsive immune cells
to acute exercise, show a striking exercise-induced increase,
whereas their cell count drops after exercise to below than
half the normal level. Their cytotoxicity increases during
exercise but it is depressed after exercise, probably increasing
susceptibility to infections (9-11).

Similar changes are noted for T and B cells, ie., an
increase in T and B cells during exercise; these changes are
directly proportional to the exercise intensity. A notable drop
to below-normal values occurs post-exercise prior to a return
to the pre-exercise values over 24 h; this effect may be pro-
longed if the interval between two exercise sessions is too
short (12, 13).

It is worth noting that the MBC changes occurring during
‘acute’ exercise arise through acute immune stressors, e.g.,
catecholamine-mediated redistribution. If such changes are
sufficient to influence susceptibility to disease as seen after
heavy exercise remains controversial (14).

Levels of salivary IgA, an important marker of mucosal
immunity, are not altered by short, intensive bouts of exercise
(15).

Little information is available on dendritic cells, despite
their important emerging role; some animal studies demon-
strate an increase after exercise (16), and further studies
are needed to better understand their role in exercise immu-
nology.

Exercise training (regular exercise) and immune changes

Physically active people show a lower monocyte inflamma-
tory response to LPS and a lower percentage of CDI14+/
CDI16+ cells. Some studies report a reduction in neutrophils
count in patients with chronic inflammatory conditions, sup-
porting the ‘anti-inflammatory’ theory about the regular exer-
cise effects (4, 17).

As regards NKs, several studies on animals and humans
reported increased cytotoxicity after moderate exercise train-
ing in sedentary subjects and their increase in absolute
number and percentage after a 1-yr systematic training in
professional football players (4 and SR Del Giacco et al.,
submitted). Salivary IgA do not show changes with regular,
moderate exercise, but may decrease during periods of pro-
longed, intensive training. Some authors describe a negative
relationship between this reduction and the risk of URTI,
the main cause for asthma exacerbations in children
(15, 18).
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Inflammation

The important pathogenic role of inflammation in exercise-
induced asthma (EIA) has put the airway epithelium into the
focus of several researchers. Exercise may prime airway
inflammation, and repeated hyperventilation challenges may
cause epithelial damage and increased peptidoleukotriene
concentrations in bronchoalveolar lavage (BAL) fluid (19). In
cultured human bronchial epithelial cells, exposure to a hyp-
erosmolar medium or the cooling-rewarming process is capa-
ble of triggering a complex inflammatory cascade with
increased expression of chemokines, such as IL-8 and RAN-
TES (11, 20). Increased numbers of inflammatory cells are
found in bronchial biopsies, BAL fluid, or induced sputum of
athletes from different sports measured at rest (21). Swim-
mers, in particular, show a marked sputum eosinophilia (up
to 38%). It should be noted that this eosinophilia is revers-
ible after stopping active sport; this raises the hypothesis of
an ‘athletes’ asthma’ for which the major risk factor is the
sport practice itself (22, 23). Some authors hypothesize a role
also for the vascular endothelial growth factor (VEGF),
responsible for the microvascular remodeling at the airways’
epithelium level (24) and for endothelin-1 in EIA (25).

Furthermore, in general, pro-inflammatory cytokines (IL-
1, IL-6, TNF-a) are increased after prolonged strenuous exer-
cise (11), but recent findings are resulting in interesting new
theories on the anti-inflammatory effect of regular, moderate
exercise. Several studies reported lower levels of Th-2 cyto-
kines and enhanced Th-1 and T-reg responses in murine
models of asthma performing aerobic exercise vs. sedentary
mice (26-28). Preliminary data in adult humans confirm these
data (SR Del Giacco et al., submitted).

It is important to mention that a relatively low number of
studies have investigated immune response in children,
mainly due to ethical limitations. When unavailable for chil-
dren, some of the findings listed are transferred from an adult
population.

Allergy and exercise

Exercise may trigger allergic respiratory, systemic, and cuta-
neous disorders: EIA, exercise-induced anaphylaxis (EIAn),
and exercise-induced urticaria (EIU) are the most common.

Exercise-induced asthma and other exercise-induced
respiratory problems in children

Physical activity and asthma

In asthmatic children, physical fitness has been related to psy-
chological functioning. EIA frequently occurs in childhood
asthma. In an Oslo birth cohort, exercise-induced broncho-
constriction (EIB) was found in 8.6% of all 10-yr-old chil-
dren and in 36.7% of children with current asthma (29).
When participating in systematic physical training, the
asthmatic adolescent or child improves fitness and quality of
life as confirmed by a Cochrane-based meta-analysis of eight
training studies, including 226 asthmatics from 6 yr of age
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(30). Counil et al. confirmed improvement in aerobic and
anaerobic fitness in asthmatic adolescents (mean age 13 yr),
but no improvement in lung function after 6-wk training with
high intensive bouts (31).

There are studies demonstrating that asthmatic children
are as physically fit and as physically active as healthy chil-
dren (32), whereas other studies have demonstrated that
physical activity and fitness are related to asthma control and
improves with optimal treatment and asthma control (33).
However, parents of 10-15 yr-old tend to underestimate the
burden of asthma experienced by their children, especially the
effects on physical activity (34). Therefore, mastering EIA is
considered one of the main objectives of treating childhood
asthma.

Mechanisms of exercise-induced asthma

Ventilation increases markedly during physical activity, lead-
ing to increased water loss and heat loss through respiration.
Cooling of the airways results in smooth muscle contraction
and mucosal edema in susceptible individuals through reflex
parasympathetic nerve stimulation and autoregulation of the
bronchial circulation (35). However, increased water loss
increases the osmolality of the extracellular fluid of the bron-
chial mucosa, causing water to move extracellular with
increasing intracellular ion concentration (36). This may
cause mediator release: both newly formed eicosanoids and
preformed mediators like histamine causing bronchoconstric-
tion. EIA occurs usually shortly after heavy exercise and not
during maximum exercise intensity.

Diagnosis of exercise-induced asthma

Exercise-induced asthma can be diagnosed by standardized
exercise test with high exercise load, up to 95% of maximum
exercise load and standardized as regards environmental
temperature and humidity (37). Any type of exercise can be
used, but running is often preferred. The children/adoles-
cents run on a treadmill with an inclination of 5.5% (3°)
with increasing exercise load over 2 min then keeping an
exercise load assessed by a heart rate of 95% of maximum
for another 4 min. FEVI is determined before and after run-
ning and 3, 6, 10, and 15 min thereafter. A reduction in
FEV1 of >10%, from before to after exercise demonstrates
EIB.

The exercise test has high specificity for the diagnosis of
asthma, but lower sensitivity, especially when the children are
treated with inhaled steroids. The exercise test is a useful
measure of how well the asthmatic child masters physical
activity. Inhalation of mannitol has been suggested as a sub-
stitute measure for EIB (38). The mannitol test gives infor-
mation about the indirect bronchial responsiveness
comparable to EIB, but not about physical fitness, motor
skills, and motor development as the exercise test does.

Other measures of bronchial responsiveness, direct or indi-
rect, like responsiveness to inhaled metacholine and the eu-
capnic voluntary hyperventilation test, also give important
information about asthma severity, but are not diagnostic for
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EIA. These tests are much used to assess asthma in athletes
and to document the athletes’ need for asthma medication.

Differential diagnosis and other exercise-induced respiratory
disorders

Exercise-induced asthma is characterized by expiratory dysp-
noea shortly after a heavy exercise. If the respiratory distress
occurs during maximum exercise and is inspiratory, exercise-
induced vocal cord dysfunction (VCD) is a more probable
diagnosis, first described in a young girl by Refsum (39).
Among well-trained children, and especially girls, this occurs
as frequently as EIA. This differential diagnosis is very
important, as asthma treatment has no effect upon this con-
dition. EIA may coexist with VCD. The following definition
has been proposed for VCD: an intermittent extra thoracic
airway obstruction occurring mainly during inspiration, lead-
ing to dyspnoea of varying intensity (40). Exercise-induced
VCD should be suspected with inspiratory respiratory stridor
during maximum exercise intensity. A maximum intensity
treadmill run, when audible inspiratory stridor occurs during
maximum intensity, can confirm the diagnosis. The diagnosis
is further verified by continuous laryngoscopic exercise
test (41).

Also, exercise-induced hyperventilation with increased end-
tidal CO, at the end of exercise is a differential diagnosis to
EIA, as are poor physical fitness and obesity in the common
asthmatic patient, but rarely in physically trained asthmatic
children. Chronic heart disease may reduce exercise tolerance.

In adolescent athletes, there are also some other differen-
tial diagnoses to EIA, like exercise-induced arterial hypox-
emia and swimming-induced pulmonary edema, but these are
rare in children not active in sports (see Table 1 for listing of
differential diagnoses for exercise-induced respiratory prob-
lems in adolescents).

Treatment of exercise-induced asthma

Early diagnosis of EIA is important for the start of optimal
treatment. The aim is that asthmatic children should be able
to participate in physical activity and sports on an equal level
with their healthy peers.

Optimal control of EIA is most often obtained by anti-
inflammatory treatment through inhaled steroids. The dose
may vary according to asthma severity, but the effect occurs
quickly beginning after 1 wk’s treatment and improving fur-
ther through the following weeks (42). Additional control of
EIA may be obtained by pre-treatment before physical activ-
ity with bronchodilators like inhaled B,-agonists, short- or
long-acting (43), or ipratropium bromide (44). Also, leukotri-
ene antagonists may improve control of EIA. In severe
asthma, a fixed combination of inhaled steroid and long-
acting P,-agonists may increase control, especially in older
children. However, one should be aware of the tolerance
development of EIA by regular use of long-acting f,-agonists.

A novel inhaled steroid, ciclesonide, may be of particular
interest to athletes (45). This steroid is a pro-drug, being acti-
vated in the bronchial epithelium, and when passing into the
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blood stream will be protein bound and inactivated rapidly.
The side effects of this drug are thus minimal, both as
regards oral candidiasis and hoarseness as well as potential
suppression of the adrenals. This makes ciclesonide of partic-
ular interest for athletes, being dependent upon an optimal
stress response from the adrenals.

Asthma and sports in children and adolescents

The development of asthma in previously healthy endurance
athletes is another aspect of asthma and sports. This asthma
phenotype differs from the common asthma phenotypes in
childhood and is characterized by cough, phlegm, increased
bronchial secretions, and viral exacerbations. It is also char-
acterized by exacerbations caused by repetitive exhaustive
physical exercises, such as many closely placed competitions
during championships. This phenotype develops after years
of intensive training within endurance sports, most often in
cross-country skiers and swimmers. The causative pathogenic
mechanisms are thought to be airway’s epithelial damage
owing to regularly repeated increased ventilation during
training and competition, usually combined with exposure to
an environmental agent, like cold air inhalation for cross-
country skiers, and organic chlorine products for competitive
swimmers (46). It has been reported that mechanisms may
involve epithelial damage (47), disturbed repair owing to the
regularly occurring trauma to the airways, following airways
inflammation and an increased parasympathetic activity in
the airways (44).

This development usually occurs gradually over several
years and is therefore not that common in childhood and
adolescence. However, for some types of sport, the environ-
mental exposure is so strong that it may develop early during
the athletic career. One such example is competitive swim-
mers who very frequently have already developed bronchial
hyperresponsiveness during their teens (48).

Treatment for asthma in adolescent athletes

For athletes with asthma, anti-inflammatory treatment by
inhaled steroids is most important, both to reduce inflamma-
tion and the clinical impact of repeated training and competi-
tions and to possibly improve long-term prognosis. The
treatment should follow regular treatment guidelines. Bron-
chodilators are frequently needed both as pre-treatment
before competitions and to reduce symptoms. Experience
shows that inhaled ipratropium bromide is frequently an
effective bronchodilator. Inhaled B2-agonists, both short- and
long-acting are often needed. It is important to assess objec-
tive measures like lung function and bronchial hyperrespon-
siveness when treating competitive athletes, as symptoms are
frequently reported without clinical correlate.

For many years, there have been strict regulations for the
use of asthma drugs in sports. Initially, one feared that these
drugs might improve performance, but now it is generally
accepted that inhaled steroids and inhaled B2-agonists do not
improve performance, and the regulations have been loos-
ened for some drugs, but not all. At present, there are no
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restrictions for the use of inhaled steroids, inhaled ipratropium
bromide, leukotriene antagonists, and the inhaled B2-agonists
salbutamol, salmeterol and formoterol. Still, inhaled terbu-
taline is restricted in competitive sports, and objective mea-
surements of bronchial hyperresponsiveness, EIB, or
bronchodilator reversibility must be documented for the
approval for its use. It is important that physicians treating
children and adolescents with asthma who are also active in
competitive sports keep updated on the doping rules, follow
these in the selection of drugs and give the necessary docu-
mentation for the sports authorities.

Nutritional factors may also be of importance in EIA
management: a recent study (49) shows an inverse relation-
ship between level of adherence to the Mediterranean diet
and prevalence of exercise wheeze in school-aged children.
Unstructured dietary patterns leave a large room for
improvement of the diet in asthmatic children and adoles-
cents (50).

Exercise-induced anaphylaxis and other skin
syndromes

Exercise-induced anaphylaxis

Exercise is a common cofactor in anaphylaxis; indeed, some
2-15% of anaphylactic episodes are caused by or are associ-
ated with exercise (51, 52). Exercise may also be the primary
trigger for anaphylaxis — a condition known as exercise-
induced anaphylaxis (EIAn). EIAn is a rare, unpredictable,
and potentially life-threatening syndrome characterized by
anaphylaxis associated with exercise or lesser physical activi-
ties of varying time frames and intensities. EIAn may occur
independently of food allergen ingestion or may require the
ingestion of a food allergen before or shortly after exercise,
known as food-dependent exercise-induced anaphylaxis
(FDEIAn). It has been described that FDEIAn may even
occur if the food trigger is ingested soon after exercise (53,
54). In FDEIAn, both the food allergen and exercise are
independently tolerated. Additional cofactors may be
required to induce anaphylaxis, e.g., medication intake,
known as ‘summation anaphylaxis’ (see Table 2). Given the
rarity of this condition, knowledge in this field is predomi-
nantly based on case reports and reviews (54—58).

Pathophysiology

Many hypotheses have been proposed with respect to the
pathophysiological mechanisms that underlie EIAn and
FDEIAn. Each of these hypotheses was recently considered
in the context of advances in our understanding of exercise
physiology by Robson-Ansley and Du Toit (56) The authors
stress the observation that EIAn is generally reported follow-
ing sub-maximal exercise of a relatively short duration; this
fact alone eliminates the majority of the proposed pathophys-
iological mechanisms as significant physiological changes in
blood ph, and osmolality, do not occur at sub-maximal levels
of physical activity: they postulate that exercise, even of a
short duration, results in significant redistribution of blood
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from the gut (where mucosal mast cells are by default tolerant
to allergenic peptides) to other locations such as the skin or
skeletal muscle where ‘gut-tolerated’ peptides are redistributed
to sensitized ‘phenotypically different” mast cells inducing
either a transient loss of tolerance or an amplification of low-
grade allergy, thus presenting with EIAn (56). An appraisal of
these hypotheses is summarized in Table 2. Regardless of the
mechanism, allergists have long been aware of these exercise-
associated immune changes. For example, patients undergoing
venom or pollen immunotherapy are routinely advised to
refrain from exercise in the immediate time interval after
administration. Similar findings are emerging from the many
oral tolerance induction studies that are underway; here ‘hard
won’ gains in allergen thresholds may unexpectedly be com-
promised possibly due to ‘immune insults’ secondary to infec-
tion, sleep disturbance, menstruation, and exercise (59, 60).

Key clinical features

The symptoms of FDEIAn vary in severity; fatalities have
however not been reported. EIAn occurs in all ages, in both
sexes, and is more common in atopic individuals. EIAn has
been described in high-performance athletes and in individuals
undertaking only occasional exercise. Even sub-maximal phys-
ical activity, for example, raking garden leaves, has been
reported as a trigger for EIAn (57). There is no one consistent
‘exercise-associated factor,” e.g., ambient temperature, humid-
ity, anticipation (i.e., planned vs. spontaneous activity).
Although wheat is the most commonly reported food allergen
associated with FDEIAn, many other food allergens have also
been reported. It is important to consider the role of food
allergies that may be associated with food allergens peculiar to
exercise, e.g., commercial rehydration fluids, such as soya and
animal-derived gelatine, omega-5-gliadin in carbohydrate
meals eaten for ‘carbo loading,” nut protein in massage oils.
Recent advances in our understanding of allergic reactions to
mammalian sugars (oligosaccharide galactose alpha-1, 3-galac-
tose) are interesting as here too there is a link to exercise as a
cofactor in some case reports; these reactions may occur some
hours after ingestion, which is atypical for IgE-mediated food-
induced allergic reactions (71). The natural history of EIAn is
not well described but opinion is that with careful manage-
ment, a gradual return to exercise can be safely achieved for
most patients.

Diagnosis and differential diagnoses

Exercise-induced anaphylaxis is primarily a clinical diagnosis;
when symptoms and signs are not typical, care should be
taken to work through the broad list of differential diagnoses
of conditions that may be associated with exercise (see
Table 3). The clinician needs to consider not only those diag-
noses that are ‘exercise-induced” but also ‘exercise-related’
allergens; additional examples include allergy to medications,
joint supports and strapping, and latex allergy. Because of its
unique properties, latex is still commonly found in sports
equipment such as basketballs and tennis racket hand grips.
Allergic reactions to non-steroidal anti-inflammatory agents,
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which are frequently ingested by athletes, such as ibuprofen,
should always be considered as should use of legal and illegal
performance enhancers, e.g., creatine, chondroitin, erythropoi-
etin, and steroids. Investigations will include skin prick testing
and the determination of specific immunoglobulin E (Sp-IgE)
testing. Broad allergen screening panels may be required so as
not to miss ‘less typical’ food allergens, e.g., lupine. Measure-
ment of specific IgE to omega-5 gliadin performs well in the
detection of wheat-induced FDEIAn and may detect cases that
would otherwise be missed using standard wheat allergy tests
(skin prick test and specific IgE) (68, 72). Serial tryptase levels
are of use if raised but are seldom practical in the acute EIAn
setting. A diagnosis of food-independent EIAn can only be
made once FDEIAn has been excluded; to do so, the clinician
will need to rely on a thorough clinical history and modified
exercise challenge tests (with and without food). Use of such
tests is previously highlighted. A diagnosis of EIA will require
consideration for patients who experience obstructive respira-
tory symptoms (in the absence of allergic manifestations such
as hives or angioedema).

Management

As physical activity cannot be avoided, or even scheduled in
young children, supervised modified exercise challenge tests
are indicated (unless the clinical history is unequivocal) to
safely establish a diagnosis of EIAn. If food plays a role in the
presentation, then dietary management is required; this is best
achieved with the help of a dietician. A personalized emer-
gency plan and medications are required but should only be
issued after the individual (and family/carers) has been trained
in the identification and treatment for anaphylaxis. A slow,
supervised return to exercise should be encouraged. If a diag-
nosis of FDEIAn has been made, then the allergen should be
avoided both prior to and after exercise. A 3-h avoidance of
the allergen prior to planned exercise and 1 h following exer-
cise has been proposed (56): the rationale for this is twofold.
Firstly, one study indicates that in patients with FDEIAn, the
interval between food ingestion and EIAn ranged from 1 to
3 h. Secondly, avoiding food ingestion until 1 h post-exercise
will permit the recovery of blood flow following exercise to
pre-exercise distribution as discussed previously. To achieve
this, it may be necessary to totally eliminate the food from the
diet of athletes and physically active young children. The role
of prophylactic antihistamines, anti-leukotriene antagonists,
and oral steroids, which is well documented for use in EIA,
has not been well studied for the control and prevention of
EIAn. It also seems prudent for food allergic individuals to
avoid aspirin or any medication/therapy/alcohol, as this may
alter gastrointestinal integrity prior to exercise.

Rashes associated with exercise

There are many non-IgE-mediated rashes that occur in asso-
ciation with exercise the commonest of which is physiological
flushing. Cholinergic urticaria is one of the physical urticaria
variants for which there are many physical triggers. Common
physical triggers (associated with exercise) include one or
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Table 3 Exercise-induced anaphylaxis — differential diagnoses

Swelling/angioedema Chronic urticaria and angioedema
ACEI medication intake
Complement deficiency/dysfunction

Cholinergic urticaria
Physical urticaria secondary to
pressure, vibration, sunlight, sweat
Physiological flushing
Scombroid fish poisoning
Mastocytosis
Rare — Peptide-secreting tumours
(carcinoid, VIP'oms). Medullary
carcinoma of thyroid, or pheochro-
mocytoma

Cutaneous/Flushing

Neurological Epileptic seizure
Vasovagal episodes
Vascular Cardiac abnormalities, e.g.,

arrhythmias

Vasovagal episodes

Systemic inflammatory syndromes
Vocal cord dysfunction

Panic disorders
Exercise-induced asthma

Upper airway symptoms

Lower airway symptoms

more of the following: sweat, temperature change, alterations
in blood flow, and emotional strain (73). The underlying
patho-physiological mechanism remains incompletely under-
stood. Onset is usually in older children entering their second
decade of life, and the diagnosis is more common among
females. The typical clinical appearance is that of small (2—
4 mm) wheals surrounded by large areas of erythema. Sys-
temic involvement, although uncommon, may occur. Attacks
often subside with rapid cooling, and a refractory period may
be experienced after an attack (this represents an opportunity
for the development of training strategies for the affected
athlete). Delayed pressure urticaria (with or without angioe-
dema) is a particularly distressing condition, in which painful
deep tissue swelling occurs several hours after a sustained
pressure stimulus, e.g., wearing a mouth guard, prolonged
grip of sports equipment, on the soles after running, or the
buttocks after long distance cycling or rowing. A variable,
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typically poor, therapeutic response is achieved with antihis-
tamines alone. Solar urticaria occurs in otherwise healthy
individuals soon after sun exposure. The management
includes barrier protection, use of sunscreens, and antihista-
mines before sun exposure. Tanning can lessen the reaction
to sunlight. Aquagenic urticaria is uncommon and represents
a reaction of the body to water; this is independent of tem-
perature. Cold urticaria is a particular management chal-
lenge; patients typically experience severe urticaria in the
distribution of cold exposure; anaphylaxis has been associ-
ated. A personalized emergency plan that includes adrenaline
is indicated. Cold urticaria and cholinergic urticaria may
coexist in the same patient. Other sports-related rashes may
arise through contact dermatitis with allergens unique to the
sports environment, e.g., resins in swimming goggles or gym-
nast chalk/dust, chemical substances contained in wet suits or
in athletic equipment or even pruritic dermatitis owing to
parasites larvae (‘sea bather’s eruption’) (11).

Concluding remarks

There are many sports-related allergic conditions that may
affect children participating in sport; given the many benefits
of sport for children, it remains a priority to correctly iden-
tify and manage any such conditions. Recent advances in our
immunologic and clinical understanding of these conditions
have facilitated more effective, and safer, training, and thera-
peutic strategies. There is however still much to learn with
respect to the pathophysiology of these conditions. It is the
role of cytokines, psycho—neuro-immune pathways, and
underlying genetic susceptibilities that are receiving the great-
est attention in the field of exercise immunology. A challeng-
ing task is for researchers to marry up any changes found
with the many variables unique to both children and sport.
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